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量逐渐降低， 低可降至 1.0 wt%；随着烷氧化比例增加，HPCS 裂解得到的陶





















































Ceramic matrix composites (CMCs) have drawn great attention due to its 
desirable properties such as high specific strength, high specific modulus, resistance 
to thermal shock, exceptional thermal stability and non-brittle fracture. Precursor 
derived ceramic (PDC) method is widely used for its excellent designable ability and 
low-temperature sinterability with no need of sintering aids. Liquid ceramic 
precursors are candidate materials to prepare CMCs by precursor infiltration 
pyrolysis (PIP) for its excellent fluidity, machinability and designable ability.  
In order to lower the curing temperature, increase the ceramic yield and 
improve the thermal stability of final ceramics, our research interest focused on the 
synthesis, modification and pyrolysis of the liquid ceramic precursors. A 
hyper-branched liquid hydropolycarbosilane (HPCS) with low oxygen content was 
prepared to prepare low oxygen content ceramics. Propargyl was introduced into 
HPCS to lower the curing temperature, thus increase the ceramic yield and control 
the C/Si of final ceramics. Tailorable copolysilazanes (CPSZs) with variable 
chemical structure and molecular weights were prepared to control the N/C of the 
final ceramics. Boron was introduced into liquid CPSZ preparing PBSZ, which 
could increase the thermal stability of the resultant ceramic.  
The structure and composition of the precursors were characterized by Fourier 
transformed infrared (FT-IR) spectroscopy, nuclear magnetic resonance (NMR), 
elemental analysis and gel permeation chromatography (GPC). The cross-linking 
and ceramic conversion were also studied by FT-IR, thermal gravimetric analysis 
(TGA), X-ray diffraction (XRD), Raman spectroscopy, scanning electron 
microscope (SEM) and transmission electron microscopy (TEM). 
Firstly, HPCS with low oxygen content was prepared by Grignard coupling of 
partially methoxylated chloromethyltrichlorosilane (Cl3SiCH2Cl), followed by 
reduction with lithium aluminum hydride. It was suggested that side reactions of 















Lower oxygen content about 1.0 wt% and lower degree of branching were expected 
in the precursors, resulting in ceramics with lower oxygen content about 3 wt%.  
Secondly, a partially propargyl-substituted liquid HBPCS (PHPCS) was 
prepared with Cl1.25Si(OCH3)1.75CH2Cl and propargyl chloride as starting materials. 
It showed that the more propargyl chloride in feed, the higher propargyl and carbon 
content in the precursors, resulting in higher ceramic yield and C/Si ratio in the 
ceramics. But long alkyne chain appeared when the propargyl chloride percent was 
over 20%, which led to reduction of the ceramic yield. 
In addition, a tailorable copolysilazane (CPSZ) was prepared by 
coammonolysis of dichloromethylsilane, dichloromethylvinylsilane and 
trichloromethylsilane. It indicated the molecular weight and structural unit derived 
from trichloromethylsilane as well as N/C ratio in the precursor increased with more 
trichloromethylsilane in feed. The CPSZ could be cured in an inert atmosphere at 
180°C for 24 h. Hydrosilylation, transamination, dehydrogenation and 
demethanation reactions were involved in the polymer-to-ceramic conversion of 
CPSZ. The ceramization process was complete at 900°C resulting in amorphous 
silicon carbonitride with a ceramic yield of 81~84%. The composition of final 
ceramics was in accordance with that of the precursors. Silicon nitride nucleated 
above 1400°C while silicon carbide formed from the reaction of free carbon with 
silicon carbonitride upon annealing at 1600°C. 
Finally, polyboronsilazane (PBSZ) precursors for Si-B-C-N ceramic were 
prepared via hydroboration of 9-borabicyclo [3, 3, 1] nonane (9-BBN) and CPSZ. 
Polymer with BC3 like structure in side chains formed, then the boron with strong 
affinity bind nitrogen to form R3B:N. It was suggested the double bond content 
decreased with the adding of 9-BBN. Boron in the form of BN in the ceramics 
promoted the ceramic yield and the density of sintering body apparently. 
 




















BN.......................................................................................... 氮化硼（Boron nitride） 
CFRCMC 连续纤维增强陶瓷基复合材料（Continuous-fiber-reinforced ceramic 
matrix composite） 
CMC.................................................. 陶瓷基复合材料（Ceramic matrix composite） 
CPSZ ......................................................................共聚聚硅氮烷（Co-polysilazane） 
C/Si ..........................................................碳硅比（Atom ratio of carbon and silicon） 
CVD ..................................................化学气相沉积法（Chemical vapor deposition） 
EDS ....................................................X 射线能谱（Energy dispersive spectroscope） 
EHPCS ................................. 含乙炔基液态聚碳硅烷（Ethylhydropolycarbosilane） 
FT-IR..........................................傅立叶红外光谱法（Fourier transformed infrared） 
GPC..............................................凝胶渗透色谱（Gel permeation chromatography） 
HBPCS.....................................超支化聚碳硅烷（Hyper-branched polycarbosilane） 
HPCS............................................................ 全氢聚碳硅烷（Hydropolycarbosilane） 
N/C........................................................氮碳比（Atom ratio of nitrogen and carbon） 




PIP...............................................聚合物浸渍裂解（Precursor infiltration pyrolysis） 
PS ................................................................................................聚硅烷（Polysilane） 
PSZ.......................................................................................聚硅氮烷（Polysilazane） 
Raman .................................................................................................. 拉曼（Raman） 




















TEM ..................................................透射电镜（Transmission electron microscopy） 
TGA ..........................................................热重分析（Thermal gravimetric analysis） 
THF ................................................................................四氢呋喃（Tetrahydrofuran） 
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